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High performance semipermeable composite membrane and process for producing same. 



@ The invention relates to a high performance semi- 
permeable composite membrane with (a) a microporous 
substrate, (b) an intermediat e transport Jaye r comprising 
a crossl inked pUlyrfTeT rriadii hoiu a water soluble po- 
lymer formed upon and affixed to said microporous 
substrate and (c) an ultrathin solute rejection barrier 
layer. 
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I, 

HIGH PERFORMANCE SEMIPERMEABLE COMPOSITE 
MEMBRANE AND PROCESS FOR PRODUCING SAME 



This invention relates to a high performance membrane 
and a process for producing same, and relates particularly 
to a novel and high advantageous semipermeable composite 
membrane having a high percentage solute rejection and 
05 which is especially useful for production of pure water 
from seawater and the recovery of valuable materials, 
and which has excellent resistance to degradation in the 
presence of chlorine. 

10 In recent years liquid separation and purification 
systems utilizing reverse osmosis have been applied 
in many fields such as the desalination of seawater 
or other saline waters and in the recovery of valuable 
materials from waste liquids of various types. 
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Various semipermeable membranes are now being used 
in commercial reverse osmosis treatment of aqueous 
solutions, either" for water purification or for concen- 
tration of liquid solutions, or both. Such semipermeable 

05 membranes include the early Loeb type membranes made 
of cellulose acetate by processes as described in 
U.S. Patent Nos. 3,133,132 and 3,133,137. The Loeb 
type membranes are asymmetric types and are 
characterized by a very thin, dense surface layer 

10 or skin that is supported upon an integrally attached, 
thicker supporting layer. However, the cellulose 
acetate Loeb type membranes are restricted as to their 
use and processability , largely because the membranes 
must permanently be kept wet; their effectiveness as 

15 reverse osmosis membranes is lost once the membranes 
are dried. 



These membranes have also exhibited deficiencies such 
as alkaline or acidic degradation and biological 

20 degradations which result- in short life. Furthermore, 
these membranes are not used widely in separation or 
recovery of valuable materials from liquid mixtures 
containing organic chemicals, because the membranes 
have low selectivity for valuable organic materials and 

25 poor resistance to the effects of organic solvents. 

Other Loeb type membranes which are also used include 
membranes fabricated from polyamides (of. eg. US-A- 
3,567,632), polyamide hydrazide, polyamide acid 
30 (JP-A- 50-121,168), crosslinked polyamide 

( JP-A-52-1 52 ,879) , polyimidazopyron , polybenzimidazol , 
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:.olysulf onamide , polybenzimidazolon , polyarylene 
jxide, polyvinyl methyl ether, polyacrylonitrile , 
::olyvinyl alcohol, polyhydroxy ethyl methacrylate , 
.-nd polyvinylidene chloride, etc.. However, the 
reparation performance and the resistance to chemical 
-legradation of these Loeb type membranes are all 
inferior to those of the cellulose acetate membranes. 

When utilizing semipermeable membranes in the treatment 
of saline water, particularly the treatment of seawater, 
it is often necessary to treat the feed water with 
ciorine, formalin or other disinfectants so as to 
-juard against bacterial growth which could greatly 
impair the performance of the membranes as a result 
of fouling or the like. But these synthetic membranes 
have poor durability when exposed to chlorine, which 
quickly causes a chemical degradation of the membranes 
and shortens their useful life, accompanied by very 
low salt rejection, which results in inefficient operation. 

In a later development, processes have been provided for 
preparing an ultrathin film or. skin separately from a 
porous support layer. 

Membranes thus prepared have become known as composite 
membranes. In preparing such membranes it is possible 
to tailor both the ultrathin film and the porous 
supporting layer in such a manner that each component 
possesses the most desirable properties. Processes for 
preparing composite membranes are described in US-A- 
4,277,344, 4,039,440, 4,005,012, 3,744,642 and 
3,926,798 and in P.B. Reports Nos. 234,198 and 248,670. 

Generally, these composite membranes have also exhibited 
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deficiencies such as compaction resulting in short 
life, as well as undesirable low flux or solute 
rejection, having no resistance to chlorine, formalin 
or other disinfectants, all resulting in insufficient 
operation. _ 

It is an object of this invention to provide a semi- 
permeable composite revers e osmosis mem brane which provides 
excellent solute rejection and has excellent resistance 
to chlorine and formalin. 

Another object of the invention is to provide a composite 
membrane which is not only capable of producing pure 
water from seawater but is also useful for the recovery 
of valuable materials from the waste water as well. A 
further object of this invention is to provide a method 
for making such a composite membrane which can be 
produced in simple steps and thus lends itself to 
commercial production. 

Yet another .object is to provide a method of controlling 
the membrane thickness of an ultrathin membrane to provide 
membranes of predetermined thickness ideally adaptable 
for usage in a wide variety of pressure conditions in 
service. 

Other objects and advantages of this invention will appear 
in further detail hereinafter. 

In accordance with this invention, a semipermeable composite 
membrane is provided comprising a microporous substrate, an 
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... ..-rr.sdiate transport layer and an ultrathin solute 
;;ier layer formed on a surface of the microporous 
-"-rate. The ultrathin solute barrier layer comprising 

inner portion and an outer portion is composed of 
,-i-osslinked polymer made by reacting (a) a mixture 
---lining a water-soluble polymer having reactive 
--vv.ps selected from amino and hydroxyl groups, said 
.:::cure also containing a monomer having at least two 
.-i.-ino groups on an aromatic nucleus comprising 
: to 3 aromatic nugs r with (b) a crosslinked agent 
..■ring acyl halide groups capable of reacting with the 
•active groups of the water-soluble polymer and also 
: reacting with the amino groups of the monomer 
.."-r.rained in the mixture (a) . The solution containing 
cure (a) and the solution containing (b) are 
m essentially immiscible with one another whereby inter- 
racial polymerization takes place among the water- 
soluble polymer, monomer, and the crosslinked agent 

form an inner portion of the ultrathin layer. At 
che same time, some monomer migrates through the 
inner portion of the ultrathin layer and polymerizes 
with the crosslinked agent to form a crosslinked 
polymeric outer portion of the ultrathin layer on the 
aforementioned inner portion of the ultrathin layer. 

25 

By causing the polymerization in such an interfacial 
manner, the resulting polymer forms an ultrathin solute 
rejection barrier layer of surprising uniformity with 
respect to thickness. Further, by predetermining the • 
amount and type of monomer present in the aqueous 
solution, the amount penetrating through the aforesaid 
inner portion of the ultrathin barrier is also determined, 
and this predetermines the thickness of the outer 
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portion of the ultrathin barrier layer that will be 
produced from polymerization of the monomer with 
the crosslinking agent. In this surprising and highly 
effective manner, the overall thickness of the ultra- 
thin solute rejection barrier layer can be accurately 
predicted and the uniformity of thickness of the 
resulting barrier is entirely unprecedented. 

Thickness control is highly important because solute 
rejection barriers are utilized under various pressures 
in different fields of service. Where low values of 
solute rejection are sufficient, very thin barriers 
(100A or less) may be used at low pressures. On the 

e 

other hand, barriers as thick as 100A or more may 
be provided in accordance with this invention, and these 
may be used under very high pressure with adequate 
solute rejection performance. 

Examples of water-soluble polymers which are useful in 
the practice of this invention include amine modified 
po lyepihalohydri n ; pol yethylene imin e, polyepiaminohy drin 
and p olyvinyl alcohol, preferably, water-soluble reaction 
products which are modified by reacting a polyepihalohydr 
represented by the following formula (I) with an amine 
compound (II) : 

(I) - (-CH 2 -CH-0-) i - (-CH 2 -CH 2 -0-) ^ 

CH 2 X ( 

wherein X is a halogen atom such as CI, Br or I, and 
i and j are mole fractions which satisfy the following 
relations: 
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i + j = 1 
0,2<i < 1 
0< j < 0.8 

05 



10 The amine compound (II) which is to be reacted with 
a polyepihalohydrin (I) is a non-cyclic or cyclic 
polyamine containing: 

1) 0 to 1 amino group , 

2) more than 1 imino group and in which 

3) the sum of the amino group and the imino groups is 
more than 2, wherein the amino group when present is 
bonded to a carbon atom and the imino groups are bonded 
to a carbon atom or to two different carbon atoms, the 
total number of carbon atoms being from 3 to 12. 

The monomer which is used with the water-soluble polymer 
in the practice of this invention preferably fulfills the 
following requirements: 

It is an aromatic polyamine c ontaining at least 2 amino 
groups on an aromatic compound comprising 1 to 3 
aromatic rings. 

30 Examples of polyepihalohydrins represented by formula (I) 
include polyepichlorohydrin , polyepibromohydrin and 
polyepiiodohydrin. Examples of the monomer include 



20 
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phenylene diamine, diaminodiphenylether , diamino- 
di£hg,nylsuL£an&x diaminodiphenylmethane, tetraamino- 
diphenylmethane, preferably m-phenylene diamine. 



These polyepifrSlohydrins (I) may be modified by reacting 
them with amine compounds (II) according to the procedure 
well known in prior art, for example as described in 
US-A 4,056,510. Examples of the amine compound (II) 
being reacted with the polyepihalohydrins (I) are 
monomeric polyamine such as 4- (aminomethyl) piperidine , 
ethylene diamine, diaminopropane , diaminobutane , 
diaminopentane, diethylene triamine, dipropylene triamine, 
triethlene triamine, pentaethylene hexamine and the like, 
preferably 4- (aminomethyl) piperidine. 

The mixture used for preparing the composite membrane 
of this invention is obtained by mixing the monomer and 
the polymer having amino groups or hydroxyl groups . 
However, an amine modified polyepihalohydrin containing 
excess monomeric polyamine may be used to obtain a 
membrane with a wide variety of performance. 

The mixing ratio of the polymer with the monomer is about 
10 % to 90 % by weight of monomer in 90 % to 10 % by weight 
of polymer, preferably from 20 % to 85 % by weight of 
polymer and about 80 % to 15 % by weight of monomer. When 
the mixing ratio is substantially outside the 90 % -10 % 
ratio, the resulting composite membrane shows lower solute 
rejection or lower flux. 

As will be described hereinafter, the semipermeable composite 
membrane of this invention comprises two crosslinked 
polymers, the ultrathin solute barrier is obtained by 
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reacting the mixture with a crosslinking agen t and 
the intermediate ^ transport layer is obtained by heat 
crosslinking of the water-soluble polymer. Semipermeable 
composite membranes obtained from the crosslinked 
05 polymers have the fine structure of a two phase system, 

that is, an ultrathin solute barrier layer and an 
intermediate transport layer. 

It is considered that the ultrathin solute barrier layer 
10 determines the solute rejection or permeability of the 

composite membrane, and that the intermediate transport 
layer is the layer adhering the . ultrathin solute barrier 
to the microporous substrate. 

1 5 When a membrane is prepared by u sing only the monome r 

and/or the monomeric polyamine, a fine structure 
attributable to the use of a two phase system does not 
form in the resulting semipermeable membrane, and the 
composite membrane does not have good separation 

20 performance. On the other hand, when a membrane is 

prepared by using only the water-soluble polymer having 
amino groups or hydroxyl groups (without the n^rTomer or 
the monomeric polyamine) , the membrane formed does 
have the fine structure of a two phase system, but 

25 the liquid separation performance of the resulting 

composite membrane is poor. Further, such membranes tend 
to deteriorate in the course of time, because the 
solute barrier layer of the semipermeable membrane is 
very thin and is prone to mechanical damage. 

30 

The thickness of the ultrathin solute barrier layer and 
the intermediate transport layer of the membrane may be 
controlled in a highly effective manner by altering the 
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mixing ratio of the monomer to the water-soluble 
polymer. The performance of the composite membrane 
can be controlled to some degree by altering the 
thickness or the ultrathin solute barrier layer and 
the intermediate transport layer. The thickness of 
the ultrathin solute barrier layer is preferably 

0 c 

within the range of 100A to about 1000A, more 
preferably from about 15oA to 500&, and the thickness 
of the intermediate transport layer is preferably in 
the range of about 100& to 3 microns, more preferably 
about 1 to about 2 microns. When the ultrathin 
solute barrier layer is less than about 1 0.oA in 
thickness, the composite membrane is prone to mechanical 
damage, and it is difficult to retain the separation 
performance of the membrane. 

On the other hand, when the ultrathin solute barrier 
layer is thicker than about 1,000& the liquid per- 
meation of the composite membrane decreases. Further- 
more, when the tickness of the intermediate transport 
layer is outside the above range, the composite 
membrane has reduced liquid separation performance or 
undergoes a performance change, because the thickness 
of the intermediate transport layer is somewhat prone 
to unevenness and irregularity of the surface of the 
microporous substrate ♦ 

The sum of the thicknesses of the ultrathin solute 

barrier layer and the intermediate transport layer is 

o 

preferably about 150A to about 3 microns. 

Figure 1 is an electron microphotograph showing the 
fine structure of an ultrathin cross section of a 
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semipermeable composite membrane according to one 
embodiment of the present invention. 

This figure clearly indicates the fine structure of the 
membrane surface as examined with the aid of an electron 
microscope. The membrane surface was shadowed with 
Pt-Pd and carbon in a vacuum-depositing apparatus. 
The membrane was embedded with an epoxy resin, dyed 
with an OsO^ solution and was sectioned by using an 
ultramicrotome with a diamond knife. The ultrathin 
membrane layer of approximately 300A thickness and the 

o 

intermediate transport layer of about 200A thickness 
were examined by a Hitachi HU-12 Transmission Electron 
Microscope . 

Figure 2 is an electron microphotograph similar to 
Figure 1 showing the fine structure of an ultrathin 
cross-section of a semipermeable composite membrane 
obtained by using a solution containing only the amine 
modified polyepihalohydrin. Figure 2 clearly shows 
that the ultrathin membrane layer is approximately 
100& in this case. The magnifications of the micro- 
photographs of Figure 1 and 2 are about 90,000 times 
for each. The microphotographs show that the ultrathin 
solute barrier layer of the membrane of Figure 1 is 
significantly thicker than the ultrathin solute barrier 
of Figure 2. 

Figure 3 is a schematic cross-sectional drawing, greatly 
enlarged, showing further details regarding the nature 
of the ultrathin solute barrier layer and the manner in 
which it is formed. 



0.072002 



- 12 - 

Figure 4 is a schematic drawing similar to Figure 1 
but on a less enlarged scale, showing a barrier of 
this invention in combination with a polysulfone 
substrate and a fabric. 

The interfacial polycondensation method, well known 
as such is used for fabrication of the semipermeable 
composite membranes of this invention. The method has 
been described in great detail by P.W. Morgan in 
"Condensation Polymers by Interfacial and Solution 
Methods" , Intersciences Publishers, New York, 1965. 

According to this method, the aqueous mixture of the 
watersoluble polymer having the reactive groups 
selected from amino and hydroxyl groups and the 
monomer is coated on a surface of the microporous 
substrate; thereafter the hydrophobic solution 
containing crosslinking agents whose acyl halide groups 
are capable of reacting with the amino groups or 
hydroxyl groups is coated on but does not mix with the 
aqueous solution and forms a separate layer thereon. 
In situ interfacial polycondensation on the microporous 
substrate takes place between the immiscible solutions 
and produces an ultrathin surface coating possessing 
solute barrier characteristics. 

Examples of a crosslinking a aent useful in the practice 
of this invention are selected from the group consisting 
of the acid chlorides such as trimesoyl ..chloride , ... 
trimellitic acid chloride etc.. They are dissolved in 
suitable solvents which are substantially immiscible 
with water, such as hexane, heptane, pentane, benzene, 
carbon tetrachloride, trif luorotrichloroethane , etc.. 
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The microporous substrate may be formed as a flat 

sheet or as a tubular or ^hollow fibers^ or in any 

other desired shape usually used for reverse osmosis 

separation processes, and the pores in the surface 

t c 
are preferably sized between about 1 OA and about 300A. 

The pores tend to become gradually enlarged toward 

the back (supporting substrate) side. The aforementioned 

microporous substrate may be distinguished as an 

anisotropic membrane made from homopolymers or from 

blended polymers of polysulfone, chlorinated 

polyethylene, polyvinyl chloride, cellulose acetate, 

cellulose nitrate, etc.. The most preferable material 

is polysulfone. Preparation of a polysulfone substrate 

is described in "Office of Saline Water Research and 

Development Progress Report" No. 359, Oct., 1968. 

The aforementioned two phase system semipermeable membranes 
of this invention, composed of an ultrathin solute 
barrier layer and an intermediate transport layer can be 
obtained by using an aqueous solution containing the 
water-soluble polymer having reactive groups selected 
from amino and hydroxyl groups and the monomer, in which 
the concentration of the aforementioned polymer is 
preferably from about 0.1 % to 10 % by weight, more 
preferably from 0,5 % to 5 % by weight. The concentration 
of the monomer is preferably within the range of 
about 0.1 % to 10 % by weight, more preferably about 
0.5 % to 5 % by weight. As the result of these 
concentrations, a two-phase system having the desired 
thickness is readily and conveniently obtained. From 
these a composite membrane possessing excellent separation 
characteristics can be fabricated with good yield. By 
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simply increasing the monomer content in the solution, 
the thickness of the resulting ultrathin barrier may 
also be increased. 

The water-soluble ^polymer having the reactive groups 
selected from amino and hydroxyl groups and the monomer 
in the aqueous solution are converted to a water-insoluble 
crosslinked polymer made by interfacial reaction with 
the crosslinking agent contained in the hydrophilic phase. 
For this reaction one of a number of alkaline reagents, 
such as sodium hydroxide, potassium hydroxide, sodium 
carbonate, sodium bicarbonate, etc. may' be added to 
remove by-products of the reaction, such as hydrogen 
chloride, etc.. Further, catalysts such as crown 
ethers may be added for acceleration 

of the reaction. On the other hand, the optimum concentration 
of the crosslinking agent in the water immiscible solution is 
affected by the concentration of the water-soluble polymer 
having amino or hydroxyl groups and the monomer in the 
aqueous phase. The preferable concentration is between 
about 0.1 % to 10% by weight. 

The microporous substrate covered with the ultrathin 
solute barrier layer, formed by the interfacial 
condensation reaction, is cured at a high temperature, 
which sould not be so high as to break the micro- 
porous substrate. The temperature is preferably between 
80°C and 150°C. As a result of this curing, the inter- 
mediate transport layer of water-soluble polymer of the 
aqueous phase becomes water-insoluble, forming an 
intermediate transport layer between the ultrathin 
solute barrier layer and the substrate. The semi- 
permeable ultrathin composite membrane becomes stabilized 
as to durability and separation characteristics. The 
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ultrathin solute barrier layer is formed by 
interfacial condensation between the mixture of water- 
soluble polymer having the group selected from amino 
and hydroxyl groups and the monomer, and the 
crosslinking agent. 

When the water-soluble polymer having the reactive group 
selected from amino and hydroxyl groups is the only 
species in the water solution, the ultrathin solute 
barrier layer formed in the same manner is not more 
than abo ut 100A in thickness. O n the other hand, when 
the monomer is the only species present, the ultrathin 
solute barrier layer attains a maximum thickness of 
only a few microns . Accordingly, the resulting semi- 
permeable composite membranes are of only very limited 
use in either case. 

In view of the nature of the interfacial reaction, 
the monomer size, and the reactivity of the monomer 
and of the water-soluble polymer having amino or 
hydroxyl groups, the inner portion of the ultrathin 
solute barrier layer may- be formed immediately after 
contact with the crosslinking agent, accompanied 
or followed by diffusion of the monomer only through 
the inne^r portion of the ultrathin solute barrier layer. 
Having penetrated the inner portion of the ultrathin 
layer, the monomer reacts with the crosslinking agent 
contained in the hydrophobic phase and thus forms 
additional polymer which is deposited upon the inner 
portion of the ultrathin solute barrier layer and 
increases its thickness accordingly. 
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Because of this phenomenon, the resulting thickness 
of the ultrathin solute barrier layer of this invention 
is greater than if only the water-soluble polymer 
having amino groups or hydroxy 1 groups is used. Also, 
such layer is thinner and more uniform than one 
produced by using a monomer only. 

The^rot^t^^^J^a^r later applied to the ultrathin solute 
barrier layer causes the composite membrane to be much 
more resistant to mechanical shocks. Water-soluble 
organic polymers such as polyvinyl alcohol (PVA) , 
polyvinyl pyrrolidone, polyacrylamide and polyacrylic . 
acid, for example, are useful for forming the 
protective layer. Addition of a polyf unctional halo- 
genated compound to this water solution is sometimes 
useful for crosslinking the protective layer, 
resulting in good water resistance. The remaining 
polyfunctional reagents of the interfacial polyconden- 
sation on the ultrathin solute barrier layer are also 
useful for crosslinking the protective layer. The 
optimum thickness of the protective layer is about 
0.1 micron to 20 microns when PVA is used. 

Figure 3 of the drawings shows diagrammatically and 
greatly magnified a typical structure obtained 
according to this invention. The intermediate transport 
layer 10 is composed of a water-insoluble polymer 
formed from the water-soluble polymer of the aqueous 
layer which remains in place on the polysulfone 
substrate 11 and which was solidified and rendered 
water-insoluble by heating. Next to the intermediate 
transport layer 10 is the composite ultrathin solute 
rejection barrier 12; its inner layer 13 is formed by 
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reaction of the water-soluble polymer plus the monomer 
with the crosslinking agent: a crosslinked product of 
all three. During these reactions the monomer also 
migrates in the direction of the arrow in Figure 3 
from the aqueous phase through the barrier layer 13 
formed at the interface, and reacts with the crosslinking 
agents of the organic phase, producing the outer layer 
14 of the ultrathin solute rejection barrier. This outer 
layer 14 is the crosslinked product of the monomer with 
the crosslinking agent. Number 15 designates the 
outer protective layer preferably applied subsequently. 

Figure 4 shows the polysulfone substrate 11 supported 
by a fabric 16. This figure also shows the typically 
irregular surface 17 of the polysulfone substrate 11, 
which is difficult to provide with a thick uniform 
coating. The intermediate transport layer 10 admirably 
compensates for this surface roughness and is securely 
attached to the polysulfone layer while also providing 
an excellent, much more uniform supporting surface for 
the ultrathin solute barrier layer 12. In this manner 
thickness variations of "layer 12 are minimized. For 
example, in a typical case a layer 12 may be provided 
with a maximum thickness of 500& and a minimum 
thickness of 200A, which is highly significant in terms 
of barrier performances. 

The following specific examples have been selected 
as illustrative of various ways in which this invention 
may be practised. They are not intended to define or to 
limit the scope of the invention, which is set forth in 
the appended claims. 

In the examples which follow, solute rejection (%) and 
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flux (m 3 /m 2 day) are calculated as follows:. 

solute rejection (% ) = (C^-C^) /c X 100 

Wherein is the solute concentration in feed and 

is the solute concentration in the permeate. 

flux (m 3 /m 2 day) = Q/S 
wherein Q is the quantity of solvent passing through 
the membrane per day (m 3 /day), and 

S is the active membrane surface (m 2 ) . 

Example 1 

A polyester woven fabric (taffeta) having a warp density of 
90/inch and a weft density of 67/inch, and having a thick- 
ness of 160 micron, woven by using 150 denier multi- 
filament 20cm by 30cm, was set on a glass plate. A 
dimethylf ormamide (DMF) solution containing 16 % 
polysulfone (Union Carbide Co. Ltd. Udel P-3500) 
was applied to the glass plate at a thickness of about 
200 micron, at room temperature (20 °C) . The product was 
immediately immersed in 'water containing 0 .5 % by weight 
of sodium dodecyl sulphate at room temperature for 
5 minutes. The product was then washed for 1 hour, 
using pure water. 

The resulting fiber reinforced polysulfone substrate 
(FR-PS) had about' 210 micron thickness and had a pure 
water permeability of 0.005 to 0.001 g/cm 2 sec . atm. under 
conditions of 1 kg/cm 2 driving pressure and a feed 
temperature of 25°C. 

Analysis with electron microscope photographs , showed 
that the FR-PS possessed 600 pores per square micron, 

o 

and each of the pores was between 100 to 500A in diameter. 
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120 grams of sodium iodide were dissolved in 80 grams 

of hot methyl ethyl ketone. To this, 92.5 grams of 

polyepichlorohydrin dissolved in 200 grams of methyl 

ethyl ketone were added, and the product was stirred 

at boiling temperature for 25 hours. The resulting 

solution was cooled to room temperature, filtered 

and 3000 grams of water were added. The precipitated 

polymer was washed in 500 grams of methanol and dried 

in a vacuum at 50°C for 10 hours to obtain a poly- 

epiiodohydrin. 80 % of the chloro groups were found 

in chemical analysis to be changed to iodo groups. 

12 grams of polyepiiodohydrin were dissolved in 

100 grams of tetrahydrof uran and 10 grams of water and 

35 grams of 4- (am inomethyl ) piperidine w ere added. After 

stirring at 35 °C for 6 hours, sulfuric acid was added 

dropwise to neutralize the resultant solution. 

300 grams of methanol were added to the resulting 

solution, and a white precipitate was obtained. This 

precipitate was purified by use of four reprecipitations , 

each from a methanol and water solution (methanol/water= 

3/1). The product was then passed through an anionic 

ion exchange resin bed to remove the sulfuric acid base, 

and the polymeric substance was obtained. Infrared 

1 3 

spectrum analysis and C nuclear magnetic resonance 
showed that this polymer was a 4- ( aminomethyl) piperidine 
modified polyepiiodohydrin (polyaminoether ) . 

This polymer was stored in a refrigerator as a water 
solution. A water solution containing 1.0wt% of the 
polyaminoe ther obta ined above, 1.2 wt% of m-phenylene 
diamine and 0.12 wt% of 4- (ami nomethyl) piperidine a nd 
a trichlorotrif luorethane solution containing 0.05 wt% 
of trimesoyl chloride were prepared. 
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The water solution was poured on a flat surface of 
a polysulfone microporous substrate, which was then 
placed in a vertical position for 30 seconds ,to drain 
off the excess solution. After this, the txic&b&£&*^ 
trif luoroethane-trimesoyl chloride solution was also 
poured on the ^substrate on top of the aqueous solution, 
causing 7 interfacial polymerization to occur. After 
30 seconds, the excess solution was drained off in the 
same manner for 1 minute. 

The membrane was then cured in a convection oven at 
120°C for 10 minutes, crosslinking the water soluble 
polyaminoether to result in the formation of the 
intermediate transport layer. It was cooled at room 
temperature, and covered by 1 wt% polyvinyl alcohol 
solution. Excess solution was drained off while 
maintaining the membrane in a vertical position. The 
membrane was finally cured at 110°C in an oven for 
10 minutes. The reverse osmosis performance of the 
resulting composite membrane was measured under the 
following conditions: 



The composite membrane showed 99.4 % salt rejection and 
0.54 m 3 /m 2 day water flux. 



Temperature : 



Feed solution: 



Pressure: 



56 kg/cm 2 

3.5 % NaCl aqueous solution 
25°C 



Example 2 



The microporous polysulfone substrate which was prepared 
in Example 1 was coated with the aqueous solutions of 
Example 1 for 2 minutes. The substrate was then placed 



0072002 

- 21 - 

in a vertical position for 15 seconds to drain off 
the excess solution. After this the s ub s t r a t e ~wa s 
coated with the trichlorotrif luoroethane solution 
containing 0.05 wt% of trimesoyl chloride for 

05 45 seconds. The membrane was cured in a convection 

oven at 120°C for 10 minutes after drying it in the 
air for 1 minute. It was cooled at room temperature, 
and covered by a 2 wt% polyvinyl alcohol solution. 
The membrane was finally cured at 100°C for 5 minutes. 

10 The reverse osniosis performance of the resulting poly- 

amide composite membrane was measured under the 
following conditions: 



Pressure: 56 kg/cm 2 

15 Feed solution: 3.5 % seawater 

Temperature: 25°C 
pH. 6.5 
The composite membrane showed 99.6 % salt rejection and 
0.48 m 3 /m 2 day water flux. 

20 

After dipping the membrane in the 0.5 wt% aqueous 
formalin solution at room temperature for 96 hours, 
the membrane showed the performance of 99.4 % salt 
rejection and 0.37 m 3 /m 2 day under the same evaluation 
25 conditions. 



An electron micrograph of the cross-section of the 
composite membrane shows that this membrane is composed 
of an intermediate transport layer of about 200% 
30 thickness on the microporous polysulfone substrate, of 

an ultrathin solute barrier layer of about 300A thick- 
ness and the protective layer, as shown in Figure 1. 



35 
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Example 3 

The microporous polysulfone substrate was prepared 
by using a DMF solution containing 12 wt% polysulfone 
according to the same procedure as in Example 1 . The 
preparation T>f the membrane was otherwise the same 
as Example 1 . The membrane performance of the membrane 
shows 98.2 % salt rejection and 0.69 m 3 /m 2 day water 
flux. 

Example 4 



The composite membrane obtained in Example 1 was tested 
in the presence of 0.2 ppm chlorine in the feed solution 
for 2,000 hours under the following conditions; 



Pressure : 
Feed solution: 
Temperature : 
pH: 



56 kg/cm 2 

3-5 % seawater 

25°C 

6.5 



Test results are shown in table 1 . 



Table 1 



Elapsed time 
(hrs) 


Salt rejection 
(%) 


Water flux 
(m 3 /m 2 day) 


24 


99.90 


0.35 


500 


99.90 


0.34 


1 ,300 


QQ . R7 


0.32 


2,000 


99.85 


0.30 
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Comparative Example 1 and 2 

An aqueous solution containing only 2 wt% of m-phenylene 
diamine was poured on the microporous polysulfone 

05 substrate obtained in Example 1 and Example 3, which 

was then placed in a vertical position for 30 seconds 
to drain off the excess solution. After this, the 
trichlorotrif luoroethane solution containing 0.1 wt% 
of trimesoylchloride was also poured on the substrate 

10 on top of the aqueous solution for 30 seconds. The 

resulting membrane was then dried in air at room 
temperature. The test results of the reverse osmosis 
performances are shown in Table 2 under the same 
conditions as in Example 2. 

15 



TABLE 2 



25 



Comparative 
example 


Polysulfone. 
substrate 


* 

Membrane performances 


untreated 


* * 

treated 


1 


Example 1 


99-3-0.65 


93.0-0.01 


2 


Example 3 


H0. 0-1. 20 





* (rejectiont^-fluxCmVm day)) 
** treated by the 0.5wt? aqueous formalin 
solution at room temperature for 96 hours 
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Example 5 

Polyethyl ene imine wa s used instead of the amine 
modified polyepihalohydrin of Example 1 . The 
composite membrane was prepared by the same procedure 
as in Example 1 and tested under the same conditions 
as in Example 1. The test results showed 99.30 % salt 
rejection, and 0.32 m 3 /m 2 day water flux. 

Example 6 and Comparative Example 3 to4 

The composite membranes were prepared by the same 
procedure as in Example 2 or Comparative Example 2, 
except that the factors shown in Table 3 and a mixture 
of trimesoyl chloride and 0.1 wt% of isophtaloyl 
chloride instead of trimesoylchloride were used. 
The ratio of trimesoyl chloride and the isophtaloyl 
chloride is 1 on weight base. Reverse osmosis performances 
were tested under the same conditions as in Example 2. 



Table 3 





Example 
6 


Comparative example 


3 


4 


Polyethylene imine (wt %) 


1.0 


2.0 


0.0 


m-Phenylene diamine (wt%) 


1.0 


0.0 


2.0 


Salt rejection (%) 


99.35 


85.0 


40.0 


V7ater flux (m 3 /m*day) 


0.35 


0.85 


1 .28 
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Example 7 

0.2 wt % of polyvinyl alcohol and 0.2 wt% of 
4- (aminomethyl) piperidine were used instead of 
05 amine modified polyepihalohydrin as in Example 2. 

The performance of the membrane made from these 
solutions, prepared as in Example 2, was measured 
under the same conditions as in Example 2. The 
10 membranes showed 98.7 % salt rejection and 

0.42 m 3 /m 2 day water flux. 

Comparative Example 5 

15 An aqueous solution containing 2 wt% o f amine modi fied 

poly epihalohydrin pr epared as in Example 1 and 0.5 wt% 
of 4- (aminomethyl) piperidine was prepared. The composite 
membrane prepared from this solutions and an n-hexane 
solution containing 0.2 wt % isophthaloyl chloride 

20 as in Example 2 were tested under the same conditions 

as in Example 2. The membrane showed 99.6 % salt ' 
rejection and 0.35 m*/m 2 day water flux. After testing 
this membrane under the same conditions as in Example 
4 for 500 hours, the membrane performance changed from 

25 the performance above to 98.6 % salt rejection and 

0.27 m 3 /m 2 day water flux. 
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Claims 



05 



10 



15 



70 



30 



1. A high performance semipermeable composite 
membrane with 

(a) a microporous substrate, 

(b) an in termediate transport layer comprising a 
crosslinked polyper made from a water soluble polymer 

(x) , formed upon and affixed to said microporous 
substrate , 

(c) an ultrathin solute rejection barrier layer 
comprising (^i)xan inner porti^on affixed to said 
intermediate transport layer and comprising a cross- 
linked polymer made from the reaction product of 

a water soluble polymer (x) and a monomer (y) w ith a 
crosslinking ag ent (z) , (i i)^ an outer port i on ^ 
affixed to said inner portion (i) and comprising a 
crosslinked polymer made from the monomer (y) with 
the crosslinking agent (z) , wherein said water 
soluble polymer (x) has a reactive amino or hydroxyl 
groups, said monomer (y) has at least two amino group s 
on an arom atic nucleus comprising from 1 to 3 aromatic 
rings, and said crosslinking agent (z) has at least 
3 acyl halide groups on an aromatic nucleus comprising 
from 1 to 3 aromatic rings. 

2. The membrane defined in claim 1, wherein said layer 
(c) has a controlled and substantially uniform 

o 

thickness of about 100 to 1,000A. 

3. The membrane defined in Claim 1, wherein sai d water 
soluble polymer (x) is selected from the group consisting 



of amine modified polyepihalohydrin , polyethylene imine, 
polyepi. amirohydrin anrf ^ffoTyvl nyl a 1 cohoT) 



35 
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4. The membrane defined in Claim 3, wherein said 
amine modified polyepihalohydrin is a modified 
polymer made by reacting at least one polyepihalohydrin 
represented by the formula (I) ; 



(I) -(CH.-CH-O) . (CH -CH o -0) 

2 j l 2 2} 

CH 2 X 



wherein the X is a halogen selected from the group 
consisting of Cl, Br and I, and i and jare mole 
fractions and satisfy the following relationships: 

i + j = 1 
0,2< ill 
0^ j < 0.8 

with at least one monomeric polyamine (II) which is a 
non-cyclic or cyclic polyamine containing: 

1) 0 to 1 amino group, 

2) more than 1 imino group, and in which 

3) the sum of the amino group and the imino 
groups is 

more than 2 , wherein the amino group when present is 
bonded to a carbon atom and the imino groups are bonded 
to one to two carbon atoms, the total number of carbon 
atoms being 3 to 12. 

5. The membrane defined in Claim 4, wherein the monomeric 
polyamine (II) is 4- (aminomethyl) piperidine . 
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6. The membrane defined in Claim 1, wherein the 
monomer (y) is selected from the group consisting 
of p henylene diam ine, diaminodiphenylether , 
diaminodiphenylsulf one , diaminodiphenylmethane and 
teJjfifl ftminod iDhenvlme thane . 

7. The membrane defined in Claim 1, wherein the said 
crosslinking agent (2) is selected from the group 
consisting of trimesoyl chloride and trimellitic acid 
chloride . 

8. The membrane defined in Claim 1, wherein said 
membrane intermediate transport layer has a thickness 

o 

of about 100A to 3 microns. 

9. The membrane defined in Claim 1, wherein said 

o 

ultrathin solute barrier layer (c) is about 100A 

o 

to 1000A in thickness and said intermediate transport 

o 

layer (b) is about 100A to 3 microns in thickness. 

10. The membrane defined in Claim 1, wherein said 
microporous substrate (a) comprises an organic polymer 
selected from the group consisting of polysulfone, 
chlorinated polyolefin, cellulose acetate and polyvinyl 
chloride, being optimally reinforced by a material 
selected from the group consisting of calendered woven 
fabric, calendered non-woven fabric, uncalendered 
woven fabric uncalendered non-woven fabric, porous film 
and paper. 

1 1 . The membrane defined in Claim 1 , wherein the membrane 
is protected by a crosslinked polymer selected from the 
group consisting of polyvinvl alcohol, partially saponified 
polyvinyl acetate, and polyvinyl pyrrolidone. 
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12. The membrane defined in Claim 11, wherein the 
protective coating has a thickness of about 100CA 
to about 10 microns. 

13. A process for producing a high performance 
semipermeable composite membrane according to any 
of claims 1 to 12 comprising the steps of: 

(1) covering the surface of (a) a microporous substrate 
with an aqueous solution containing at least (x) one 
water-so luble polymer having reactive amino o r hydrox yl 
groups, said aqueous solution also containing (y) 

the monomer having at least two am ino groups on an 
aromatic nucleus comprising 1 to 3 aromatic ring (5) ; 

(2) covering the resulting coated porous substrate 
with a solution which is substantially immiscible 
with the solution of step (1) and which contains (z) 
a crosslinking agent having at least 3 acyl halide 
groups on an aromatic nucleus comprising 1 to 3 
aromatic rings and being capable of undergoing 
interfacial polymerization with said reactive groups 
of the water-soluble polymer and with said monomer 
to form an ultrathin film on said surface of said 
microporous substrate ; 

(c) continuing said interfacial polymerization reaction 
for a time sufficient to cause migration of at least 

a portion of said monomer through the inner portion 
of the ultrathin film, thereby reacting with said 
crosslinking agent to form an outer portion of the 
ultrathin polymeric layer on the inner portion of the 
ultrathin layer being formed; and 

(d) drying the resulting composite semipermeable 
membrane at elevated temperature for a time sufficient 
to crosslink said water-soluble polymer. 



0072002 

14. The process defined in claim 13 , wherein the 
aqueous solution contains a mixture consisting of 
about 10 % to about 90 % by weight of the water 
soluble polymer and of about 90 % to about 10 % 

05 by weight of the monomer. 

15. The process defined in Claim 13, wherein the 
concentration of the aqueous solution is in the 
range of about 0.1% to 10% by weight. 



15 
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